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PROBLEM TO BE SOLVED: To reduce generation of 
fault and control generation of crack by forming, on a 
substrate, a first buffer layer having high carbon 
concentration and high purity buffer layer to form AIGaN 
layer. 

SOLUTION: On a substrate 1 1 made, for example, of 
sapphire, a first buffer layer 12 and a second buffer layer 
13 are sequentially laminated in this sequence and the 
predetermined element structure member 14 is then 
formed thereon. On a single crystal substrate 11. a first 
single crystal layer consisting of single crystal 
AlwGaxIn1-w-xN (0<w<1, 0<x<1) and a second single 
crystal layer consisting of single crystal AlyGazIn1-y-zN 
(0<y<1, 0<z<1) are formed. In a semiconductor element 
providing an element structure member 14 formed on 
these layers, carbon concentration of the first single 
crystal layer is higher than the carbon concentration of 




the second single crystal layer. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The 2nd single crystal layer which consists of the 1st single crystal layer which 
consists of single crystal AlwGaxIn1-w-xN (0< w<=1, 0<=x<-1), and single crystal AlyGazEnl-y— 
zN (0< y<=1, 0<=z<=1) is formed on a single crystal substrate. The semiconductor device 
characterized by the carbon concentration of said 1st single crystal layer being higher than the 
carbon concentration of said 2nd single crystal layer in the semiconductor device equipped with 
the component structured division formed on these layers. 

[Claim 2] The semiconductor device which is the component structured division which consists 
of the 1st single crystal layer which consists of a nitride semi-conductor, and a semi-conductor 
layer prepared on said 1st single crystal layer, and is characterized by equipping with the 
component structured division lower than the carbon concentration of said 1st single crystal 
layer the carbon concentration of the layer which faced said 1st single crystal layer. 
[Claim 3] Said 1st single crystal layer and said component structured division are a 
semiconductor device according to claim 2 characterized by coming to be prepared one by one 
on a single crystal substrate. 

[Claim 4] The semiconductor device of any one publication of claim 1—3 characterized by said 
1st single crystal layer consisting of AIN or AIGaN. 

[Claim 5] The semiconductor device according to claim 1 characterized by said 1 st single crystal 
layer and said 2nd single crystal layer consisting of AIN, respectively. 

[Claim 6] The semiconductor device of any one publication of claim 1-5 characterized by the 
thickness of said 1st single crystal layer being 50nm or less in 5nm or more. ... 
[Claim 7] The semiconductor device of any one publication of claim 1-6 characterized by the 
carbon concentration of said 1st single crystal layer being three- or less [-3x1 020cm - ] or more - 
[ 3x1 01 8cm - ] in three. 

[Claim 8] The semiconductor device according to claim 1 which the thickness of the sum total of 
said 1st single crystal layer and said 2nd single crystal layer is 10 micrometers or less in 1 
micrometers or more, and is characterized by said component structured division constituting 
laser. 

[Claim 9] The semiconductor device according to claim 8 characterized by the thickness of the 
sum total of said 1st single crystal layer and said 2nd single crystal layer being 50 micrometers 
or less in 2 micrometers or more. 

[Claim 10] Said single crystal substrate is claim 1 characterized by consisting of sapphire, and 
the semiconductor device of any one publication of 3-9. 



[Translation done.] 
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2. **** shows the word which can not be translated. 

3. [n the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] About a semiconductor device, this invention has the buffer layer of a 
nitride semi-conductor which has a peculiar configuration, and, more specifically, this invention 
relates to the semiconductor device by which the property has been improved more sharply than 
before. 
[0002] 

[Description of the Prior Art] A nitride semi-conductor has a large band gap, and since it is a 
direct transition mold, it is expected as a charge of short wavelength light emitting device 
material. For example, the band gap of GaN (gallium nitride) is 3.4eV, and can obtain 
luminescence of an ultraviolet-rays field. In addition, in this application, the group III^V 
semiconducter of BxInyAlzGaCl -x-y-z) N (0<=x<=1, 0<=y<=1, 0<=z<=1) shall be called a 
"nitride semi-conductor", and the mixed crystal which contains Lynn (P), arsenic (As), etc. as a 
V group element in addition to N shall also be included further. 

[0003] Since a nitride semi-conductor, for example, GaN, does not have the good substrate 
which carries out lattice matching, it grows on silicon on sapphire for convenience in many 
cases, but since sapphire and GaN have grid mismatching as large as about 15%, it tends to grow 
in the shape of an island. Then, first, in order to ease the effect of grid mismatching 
conventionally, after depositing AIN (alumimium nitride) or GaN of the shape of amorphous [ of 
the ultra-thin film ], or polycrystal as a buffer layer with low-temperature growth on silicon on 
sapphire, a temperature up is carried out and the approach of forming a GaN layer on it is used. 
[0004] According to this approach, the layer of the shape of amorphous .and polycrystal eases a. 
thermal strain, the microcrystal contained inside the buffer layer turns into seed crystal to which 
bearing was equal with the temperature up to about 1000 degrees C, and it is thought that 
crystal quality improves. 
[0005] 

[Problem(s) to be Solved by the Invention] However, also when such a conventional approach 
was used, penetration transition of the high density by the grid mismatching of silicon on 
sapphire and a GaN layer existed, and there was a problem of producing residual distortion. 
Therefore, generating of a crack was not able to be avoided when growing up the AIGaN layer 
which has 10% or more of aluminum (aluminum) presentation required as a cladding layer of 
semiconductor laser, for example to be the thickness of 0.6 microns or more. Moreover, in order 
to obtain p type layer of low resistance, heat treatment at about 800 degrees C is needed. 
Although it is thought that this is for removing the hydrogen atom which remained during the 
crystal and activating acceptor impurity, since it is desorbed also from the nitrogen atom of a 
nitride semi-conductor, a crystal defect occurs at this temperature. Therefore, we were anxious 
about the receiving-initial property and life property of attaining [ sufficient low resistance- 
ization ] and obtained semiconductor device bad influence. 

[0006] This invention is made based on recognition of this technical problem. That is, the 
purpose is in offering the semiconductor device which a quality nitride semi-conductor layer, for 
example, the AIGaN layer of a high aluminum presentation, is formed by the low rearrangement 
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also on the substrate which does not carry out lattice matching, and the crystal defect of a 

nitrogen hole etc. becomes from few nitride semi-conductors. 

[0007] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the 
semiconductor device of this invention The 2nd single crystal layer which consists of the 1st 
single crystal layer which consists of single crystal AlwGaxIn1-w-xN (0< w<=1, 0<=x<=1X and 
single crystal AlyGazInl -y-zN (0< y<=1, 0<=2<=1) is formed on a single crystal substrate. In the 
semiconductor device equipped with the component structured division formed on these layers, 
it is characterized by the carbon concentration of said 1st single crystal layer being higher than 
the carbon concentration of said 2nd single crystal layer. 

[0008] Or the semiconductor device of this invention is the component structured division which 
consists of the 1st single crystal layer which consists of a nitride semi-conductor, and a semi- 
conductor layer prepared on said 1st single crystal layer, and it is characterized by equipping 
with the component structured division lower than the carbon concentration of said 1st single 
crystal layer the carbon concentration of the layer which faced said 1st single crystal layer. 
[0009] Here, said 1st single crystal layer and said component structured division are 
characterized by coming to be prepared one by one on a single crystal substrate. 
[0010] Moreover, as a gestalt of desirable operation of this invention, it is characterized by said 
1st single crystal layer consisting of AIN or AIGaN. 

[0011] Moreover, it is characterized by said 1st single crystal layer and said 2nd single crystal 
layer consisting of AIN, respectively. 

[0012] Moreover, thickness of said 1st single crystal layer is characterized by being 50nm or less 
by 5nm or more. 

[0013] Moreover, it is characterized by the carbon concentration of said 1st single crystal layer 
being three or less [ 3x1 020cm - ] or more [ 3x1 01 8cm - ] in three. 

[0014] Moreover, the thickness of the sum total of said 1st single crystal layer and said 2nd 
single crystal layer is 10 micrometers or less in 1 micrometers or more, and it is characterized 
by said component structured division constituting laser. 

[0015] Moreover, thickness of the sum total of said 1st single crystal layer and said 2nd single 
crystal layer is characterized by being 50 micrometers or less by 2 micrometers or more. 
[0016] Moreover, said single crystal substrate is characterized by consisting of sapphire. 
[0017] 

[Embodiment of the Inviention] Drawing 1 is an important section outline sectional view which 
explains the serniconductor device of this invention notionally. That* is, this- drawing expresses a - 
' part for the buffer layer of the semiconductor device of this invention, in the semiconductor 
device shown in this drawing (a), on the substrates 1 1, such as sapphire, the laminating of the 
1st buffer layer 12 and the 2nd buffer layer 13 is carried out to this sequence, and the 
predetermined component structure 14 is formed on it. Here, the component structure 14 can 
constitute various light emitting devices and electronic devices so that it may explain in full 
detail as an example behind. 

[0018] Moreover, in this drawing (b), the 1st buffer layer 12 is formed on the substrates 11, such 
as sapphire, and the predetermined component structure 21 is formed on this. 
[0019] The semiconductor device of this invention has the description in the 1st buffer layer 12 
expressed to this drawing. That is. the 1st buffer layer 12 is V/HI at the time of being a single 
crystal and depositing. A ratio is deposited on a substrate as conditions far lower than before, 
and the carbon (0) of concentration far higher than before is contained. Moreover, the 2nd buffer 
layer 13 grows under a comparatively high V/III ratio. 

[0020] Below, these peculiar buffer layers in this invention are explained at a detail, this 
invention person has already found out that the crystal quality of the semiconductor device 
which grows on it is improved sharply, and generating of a crack etc. can be controlled by using 
nitride semi-conductors, such as AIN of the single crystal which carried out elevated- 
temperature growth as a buffer layer instead of the conventional AIN which carried out low- 
temperature growth, GaN, etc., and AIGaN. Furthermore, according to [ although p type layer of 
low resistance and the luminous layer of a low defect are indispensable in order to obtain a 
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highly efficient semi-conductor light emitting device ] research of this invention person, it is V/III 
at the time of growth of these layers. By enlarging a ratio, it became clear that the improvement 
in a property of reduction of series resistance, improvement in luminous efficiency, an 
improvement of dependability, etc. was attained. Here, a "V/III ratio" is a ratio of the flow rate of 
the raw material of V group element to the flow rate of the raw material of an III group element 
at the time of carrying out crystal growth of the nitride semi-conductor. 
[0021] However, V/III If a ratio is enlarged, while the spiral growth which uses a penetration 
rearrangement as a dislocation core will become dominant and surface surface smoothness will 
get worse, fluctuation of In (indium) presentation of a barrier layer becomes rapidly remarkable. 
For this reason, V/III at the time of growth The upper limit of a ratio is determined as a matter 
of fact. However, as a result of a still more detailed examination of this invention person, the 
upper limit of this V/III ratio was not absolute, and it was found out by adjusting the conditions in 
early stages of deposition of a buffer layer that the quality of a growth phase is improved 
dramatically. That is, when growing up a buffer layer, first, the V/III ratio was made into the ratio 
sharply lower than before, the thin buffer layer was deposited, and when the high V/III ratio grew 
up and estimated a buffer layer and component structure on it, the good component property 
was acquired. 

[0022] Furthermore, this invention person investigated the difference in the buffer layer of this 
good wafer and the wafer with which abnormality growth was observed. Consequently, in the 
buffer layer from which the good result was obtained, the half-value width of the rocking curve 
by the X diffraction was as narrow as 1 or less minute, and it discovered that the layer which 
contains high-concentration carbon (C) near an interface with a substrate in coincidence 
existed. 

[0023] On the other hand, in the wafer of a good property, the pit consistency of an AIN buffer 
layer front face was very low as a result of the observation under the force scan microscope 
between atoms about the wafer using AIN as a buffer layer, and it became clear that the pit 
consistency of an AIN buffer layer front face influenced a component property greatly. Here, a 
"pit" is a minute 6 pyramid-like hollow and is the morphology of the front face corresponding to 
the rearrangement contained in a buffer layer. 

[0024] In order for the flexibility of the crystal of the part to increase and to ease distortion 
putting the above result together when a carbonaceous high concentration layer exists near an 
interface with a substrate although abnormality growth is caused by the screw dislocation in the 
buffer layer corresponding to a pit, it turns out that turbulence of the crystal vyhich grows on it 

- is controlled sharply; .- - - - : - v ~- r - • • - - 

[0025] This effectiveness acts effectively especially to the single crystal AIGaN buffer layer and 
single crystal AIN buffer layer which grow at an elevated temperature. These single crystal buffer 
layers that grow at an elevated temperature are because a micro crystal defect is fundamentally 
lacking in the flexibility of a crystal few. In the case of the AIN buffer layer which grew at the 
elevated temperature especially, there was an inclination lacking in flexibility that a nitrogen 
defect is hard to be generated. 

[0026] in order that an artificer may introduce such a high-concentration carbon content layer 
intentionally — the substrate temperature and V/III in early stages of growth of a buffer layer 
Various ratios are boiled, were changed and the experiment was repeated. 

[0027] Drawing 2 is the high-impurity-concentration profile Fig. obtained according to secondary 
ion mass spectrometry in the wafer with which the good result was obtained. That is, in this 
drawing, concentration distribution of the carbon near the interface of a substrate and an AIN 
buffer layer is expressed. This drawing shows that a with - with a carbon concentration of 
3x1 01 9cm a thickness [ 20nm in 3 and thickness ] high concentration carbon content layer is 
observed near an interface, the carbon concentration which this high concentration carbon 
content layer is equivalent to the "1st buffer layer 12" shown in drawing 1 , and was formed on 
it — about 2 — x1018cm-3 The part which is falling is equivalent to the "2nd buffer layer 13" of 
drawing 1 (b). the carbon contained in these single crystal layers — a nitride semi-conductor 
layer — MOCVD (Metal-Organic Chemical Vapor Deposition) — in case it grows up by law, it is 
surmised that it is what is mainly incorporated during a crystal from the organic metal which is 
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the raw material of an III group element. 

[0028] As a result of also analyzing collectively the measurement result which others do not 
illustrate, the component property with thickness good in the case of the range of 5 to 50nm was 
acquired for the carbon concentration of this high concentration carbon content layer 12, i.e., 
the ''1st buffer layer", by 1x1018 to 3xl020cm-'3. This condition was also the same as when a 
buffer layer consists of AIGaN. 

[0029] Furthermore, when investigated also about the concentration of the hydrogen (H) 
contained in a buffer layer, many wafers in which the concentration profile of the carbon shown 
in drawing 2 and the same concentration profile are shown were seen. That is, high V/III 
Hydrogen was also found by that it may be incorporated by high concentration with carbon at 
the buffer layer which grew by the ratio. This is considered to be because for the hydrocarbon 
(CHx) generated when the organic, metal which is the raw material of an III group element 
decomposes to be incorporated during a crystal. 

[0030] It deposits in a V/III ratio sharply lower than before, the high concentration carbon 
content layer, i.e., the "1st buffer layer", of this invention, for example, the conventional MOCVD 
— the typical V/III ratio of the buffer layer by law was [ at GaAs ] 1000 or more in 100 or more 
and GaN in 1000 or more and AIN. On the other hand, the V/III ratio at the time of deposition of 
the 1st buffer layer of this invention is 0.7 to about 50, and is notably low as compared with the 
former. Moreover, the optimal growth temperature is 1050-1250 degrees 0 in general, and it 
turned out that it is low a little as compared with conventional 1 300-degree-C order. 
[0031] Drawing 3 is a graphical representation showing the relation between the carbon 
concentration of a high concentration carbon content layer, i.e., the 1st buffer layer, and the pit 
consistency observed on the front face of a buffer layer. That is, the two-layer buffer layer as 
shown in drawing 1 (a) was deposited using AIN, and the pit consistency observed on the front 
face was evaluated. Here, in any case, the thickness of a high concentration carbon content 
layer made it 20nm. This drawing shows that the pit consistency is decreasing, when carbon 
concentration is in the range of 3x1018 to 3x1020cm-3. Furthermore, when carbon 
concentration is in the range of 1x1019 to 1x1020cm-3, it turns out that the pit consistency is 
decreasing sharply to 103cm--2. 

[0032] Moreover, drawing 4 is a graphical representation showing the relation between the 
thickness of a high concentration carbon content layer, i.e., the 1st buffer layer, and the pit 
consistency observed on an AIN buffer layer front face. Here, in any case, the carbon 
concentration of a high concentration carbon content layer made it abbreviation 3x1018cm-3. 
within the limits* whose thickness of this drawing to a high concentration carbon content- layer is" 
about .5-50nm -- setting -- a pit consistency — 1x104cm--2 the following — low — it can 
control — further — the time of 10-30nm — a pit consistency — lx103cm-2 up to — it turns 
out that it can decrease sharply. 

[0033] As explained above, that the good result was especially obtained in this invention A buffer 
layer is AIN, the carbon concentration of the high concentration carbon content layer in an 
interface with the substrate, i.e., the 1st buffer layer, is 1x1019 to 1x1020cm-3, and the range of 
thickness is 10 to 30nm. It was the case where the 2nd buffer layer which has concentration 
distribution to which carbon concentration falls to less than 200nm quickly had accumulated as it 
separated from this high concentration carbon content layer. 

[0034] If it returns and explains to drawing 1 , structure as shown in this drawing (a) will hit this. 
On the other hand, according to the experiment of this invention person, as shown in this 
drawing (b), also when component structure could be directly formed on the 1st single crystal 
buffer layer 1 2, a certain thing was understood. That is, the quality of the nitride semi-conductor 
grown up on it is further improvable by forming the 2nd buffer layer 13 shown in this drawing (a). 
For example, when you need the crystal of very high quality like the semiconductor laser of high 
performance, it is desirable to form the 2nd buffer layer 13. However, when it was the 
component as which the quality of a crystal is moderately required like light emitting diode (LED), 
even if it formed component structure directly on the 1st buffer layer, without forming the 2nd 
buffer layer 13, it turned out that a good result is obtained. 

[0035] Hereafter, the example of this invention is explained, referring to a drawing. Drawing 5 is 
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an outline sectional view showing the blue laser diode by this invention, namely, the 
semiconductor laser of this drawing — the c-th page top of silicon on sapphire 11 — as the 1st 
buffer layer 12 — an AIN single crystal layer (carbon concentration 1x1019cm-3 -1x1020cm-3 - 
-) as lOnm - 500nm of thickness, and the 2nd buffer layer 13 — an AIN single crystal layer 
(carbon concentration 5x101 7cm-3 -5x1018cm-3 — ) The grid relaxation layer 31 (0.02-0.3 
micrometers) which consists of 0.1-10.0 micrometers, GaN, or GaAIN less than 5% of aluminum 
presentations, and the n mold aluminum0.05Ga0.95N contact layer 32 (a dope Si, Se, or S — ) 3 
1-5 micrometers of - with a high impurity concentration of 2x1018 to 3x101 9cm thickness, the n 
mold aluminumO.3 GaO.9 N cladding layer 33 (a dope Si, Se, or S — ) 5x1017-3x1018cm-3. 0.3- 
1.2 micrometers, the 1st lightguide layer 34 (0.05-0.2 micrometers) of GaN, The Gal-xInxN 
barrier layer 35 (1-1 Onm), the 2nd lightguide layer 36 (0.05-0.2 micrometers) of GaN, The p mold 
aluminumO.1 GaO.9 N cladding layer 37 (Mg dope, 5x1018-1x1020cm-3, 0.3-0.7 micrometers), p 
mold GaN middle contact layer 38(Mg dope, 5x1018-1x1020cm-3, 0.05-0.1 micrometers) ** is 
prepared one by one. And the stripe-like mesa whose width efface is 2-5 micrometers is 
formed, the current blocking layer 39 which becomes the both sides from n mold aluminumO.2 
GaO.5 N (Si dope, 5x1 01 8cm - 3 or 0.5 micrometers) is formed, and the transverse mode is 
controlled. Furthermore, the p mold GaN (Mg dope, 9x101 9cm - 3 or 0.5 micrometers) contact 
layer 40 deposits, and nickel is put as a p lateral electrode 1 10 (Pd 0.05 micrometer/Pt 0.05 
micrometer/Au 1.0 micrometers). The n lateral electrode 120 (Ti 0.05-/Pt 0.05 micrometer/Au 
micrometers [ 1.0 ] or aluminum I.Omicrometer) is put on the n mold aluminumO.05GaO.95N 
contact layer. 

[0036] Next, the manufacture approach of the semiconductor laser of this example is explained. 
Each semi-conductor layer can be formed with a reduced pressure MOCVD system. First, a 
substrate 11 is laid on the susceptor which served as the heater. 20l./m (liter) extent installation 
of the high grade hydrogen is carried out from gas installation tubing, and the atmospheric air 
within a reaction is permuted. Subsequently, flueing opening is connected to a rotary pump, it 
decompresses within a reaction, and an internal pressure is set as. the range of 50 - 150torr. In 
growing up an AIN buffer layer on silicon on sapphire 11, first, a substrate 11 is heated in 
hydrogen and it defecates the front face, subsequently, the substrate temperature of 1050-1250 
degrees 0 — a part of H2 gas — NHS while changing to gas — as the raw material of aluminum 
(aluminum) — for example, aluminum (CH3)3 Or aluminum (C2H5)3 etc. — an organic metal is 
introduced and the 1st single crystal AIN buffer layer 12 is deposited on 5 to 50nm thickness. 
[0037] Subsequently, the temperature up of the substrate temperature is carried out to 1250- 
1350 degrees C, 5- micrometers grows an AIN layer from 0:V micrometers as the 2nd buffer layer — 
13, arid flattening of the front face is carried out. Then, it is effective to interrupt growth 
depending on the case, to perform annealing, and to also make residual distortion ease. 
[0038] In growth of the high quality film which control of the delivery late of V group raw material 
and an III group raw material is important for here in order to arrange the crystal orientation of 
the 1st AIN buffer layer 12, and does not have a pit, it is V/III. For it being required to make a 
ratio into within the limits of 0.7-50, and acquiring quality good enough with sufficient 
repeatability, it is V/III. It is desirable to control a ratio within the limits of 1.2-4.0. Also when 
growing up on the SiC substrate mentioned later, more uniform growth is obtained by forming the 
1st AIN buffer layer 12. On the other hand, a V/III ratio is made into several 100 or more and a 
high ratio on the occasion of growth of the 2nd buffer layer 13. Furthermore, even if it faces 
growth of each class which grows on the 2nd buffer layer, it is desirable to make a V/III ratio 
into several 100 or more and a high ratio. 

[0039] After growing up the 2nd buffer layer 13, substrate temperature is again reduced at 1100- 
1200 degrees C, and the double hetero structured division is grown up. As an III group's raw 
material, it is the organic metal Ga compound (GH3) 3, for example, Ga. Or Ga (G2H5)3, Organic 
metal In compound (CH3) 3, for example, In, or In (C2H5)3. As a raw material for doping, it is the 
Si hydride 4, for example, SiH, as an object for n molds. Or the organic metal Si compound (CHS) 
4, for example. Si, An organic metal Mg compound (magnesium cyclopentadienyl), for example, 
Cp2 Mg, or m-Cp2 Mg is used as an object for p molds. Although heat treatment of about 800 
degrees C has been needed in order to remove the hydrogen mixed into the growth phase in 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran.web.cgi_eije 



2005/08/25 



JP.2000-031588.A [DETAILED DESCRIPTION] 



6/8 ^— 



order to gather the rate of activation of p mold dopant, with the approach of this invention, they 
are each class other than the 1st buffer layer 12 Big V/III By growing up under a ratio, N atom 
hole can be controlled and inactivation by hydrogen can essentially be canceled. Furthermore, 
degradation of the crystal quality resulting from needed heat treatment is also conventionally 
avoidable. 

[0040] In this example, after forming the mesa section in reactive ion etching, it re-grows up, and 
the aluminumO.2 GaO.8 N current blocking layer 39 is ground until the p mold GaN middle contact 
layer 38 is exposed. Furthermore, it is created by growing up the p mold GaN (Mg dope, 
9x1 01 9cm - 3 or 0.5 micrometers) contact layer 40. 

[0041] The p mold GaN middle contact layer 38 has played the role from which a front face is 
protected at the time of the re-growth after mesa processing, and the interface with a cladding 
layer made presentation change loose if needed, and has measured reduction of energization 
resistance. Moreover, although the grid relaxation layer 31 is for amending distortion by the 
stacking fault between a buffer layer and component structure, when grid mismatching is small, 
there may be. [ no ] 

[0042] According to this example, the quality of the component structure of growing up on it is 
more sharply [ than before ] improvable by preparing the 1st buffer layer 12 and 2nd buffer layer 
13 which have a peculiar configuration. Even if it grew up by the V/III ratio higher than before, 
abnormality growth stopped namely, producing each semi-conductor layer which constitutes 
component structure by preparing these buffer layers. As the result, the crystallinity of each 
semi-conductor layer which constitutes a semiconductor device is more sharply [ than before ] 
improvable. 

[0043] Specifically, the luminous efficiency of a barrier layer 35 was able to be raised about 10 
times over the past. The crystallinity of p mold contact layer 40 has been improved by 
coincidence, high-concentration doping was able to be attained, and the resistance by the side 
of p was able to be fallen. Since a threshold and the operating current fell and the calorific value 
by the side of p fell as these results as compared with the conventional laser, the temperature 
characteristic of a component has been improved and the life of a component was also 
extended. 

[0044] Furthermore, if this invention is caused, heat dissipation of semiconductor laser is also 
improvable. That is, in the semiconductor laser of a hexagonal nitride semi-conductor, the 
operating current was high conventionally, and since an electrical potential difference was also 
high, there was a problem that calorific value was large. Moreover, although these semiconductor 
laser was^usually formed on silicon on sapphire, since the-thermal resistance-ofB substrate was" 
high, heat dissipation had become a problem. Furthermore, since~sapphire was an insulator, it 
was difficult for the approach of mounting on a rise side down at a heat sink (radiator) to adopt a 
substrate which is adopted by the semiconductor laser which used GaAs and InP as the 
substrate, and the opposite side. On the other hand, according to this invention, AIN used as a 
buffer layer has the heat conductivity sharply higher than sapphire and GaN, and can improve a 
heat dissipation property sharply by inserting the AIN buffer layer of a certain amount of 
thickness between a substrate and the component structure. If the case where stripe width of 
face is 2-3.5 microns is mentioned as an example, the effectiveness of reduction of thermal 
resistance will be acquired by 1 microns or more, and AIN thickness will become remarkable by 2 
microns or more. However, when it was 5 microns or more, "camber" arose and the inclination 
which the crack of high density produces was seen in 10 microns or more. Moreover, according 
to this invention, although it is usually necessary to form in the thickness of 3 microns or more 
the n mold GaN layer for n lateral electrode formation formed on AIN for defective reduction, 
since it forms on the AIN buffer layer of high quality, it is not necessary to use it as such a thick 
film, and it can be thin-film-ized with about 1-2 microns. 

[0045] In addition, in this example, although the AIN layer was used as buffer layers 12 and 13, 
aluminum presentation may use 80% or more of AIGaN, and can instead expect the same 
effectiveness. However, there is an inclination for surface surface smoothness to deteriorate in 
this case as compared with AIN. 

[0046] Drawing 6 is an outline sectional view showing the semiconductor laser diode concerning 
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the 2nd example of this invention. Since this example has the 1st above-mentioned example and 
a similar configuration, the same sign is given to the same part and detailed explanation is 
omitted. 

[0047] The description of this example is in the point of using the GaN layer as barrier layer 35\ 

and the point of contacting the p lateral electrode 110 in the middle contact layer 38 directly. 

[0048] Since the crystallinity of component structure is sharply improvable by preparing the 1st 

buffer layer 12 and 2nd buffer layer 13 according to this invention, it becomes possible to use 

GaN of the high quality made conventionally difficult as a barrier layer. As the result, efficient 

luminescence in the difficult short wavelength field is conventionally realizable. 

[0049] Moreover, without preparing a contact layer on it similarly, since the crystallinity of the 

middle contact layer 39 is also more sharply [ than before ] improvable, the p lateral electrode 

110 can be contacted and contact resistance low enough can be realized. 

[0050] Drawin g 7 is an outline sectional view showing the semiconductor laser concerning the 

3rd example of this invention. 

[0051] Moreover, drawing 8 is an outline sectional view showing the semiconductor laser 
concerning the 4th example of this invention. These examples are examples which formed each 
class including a buffer layer 12 on Si (111) side of SiC (carbonization silicon) substrate 1 V as a 
substrate. Since each component structure is the same as the 1st example and the 2nd example 
which were mentioned above about drawing 5 R> 5 and drawing 6 , the same sign is given to the 
same part and detailed explanation is omitted. 

[0052] Also in these examples, by having formed the 1st buffer layer 12 and the 2nd buffer layer 
13, respectively, the crystallinity of a barrier layer 35 or a contact layer can be improved, and 
various effectiveness, such as improvement in luminous efficiency and a fall of a threshold, can 
be acquired the same with having mentioned above about the 1st example or the 2nd example. 
[0053] Drawing 9 is an outline sectional view showing the light emitting diode concerning the 5th 
example of this invention, namely, the light emitting diode of this drawing — the c-th page top of 
silicon on sapphire 11 — as the 1st buffer layer 12 — an AIN layer (carbon concentration 
1x1019cm-3 -1x1020cm-3 — ) lOnm - 500nm of thickness, and the n mold 
aluminumO.05GaO.95N contact layer 51 (a dope Si, Se, or S — ) 3 1-5 micrometers of - with a 
high impurity concentration of 2x1018 to 3x1 01 9cm thickness, the n mold aluminumO.3 GaO.9 N 
cladding layer 53 (a dope Si, Se, or S — ) 5x1017-3x1018cm-3, 0.3-1.2 micrometers, the Gal- 
xlnxN barrier layer 54 (1-1 Onm), The p mold aluminumO.1 GaO.9 N cladding layer 55 (Mg dope, 
5x1018-1x1020cm-3, 0.3-0.7 micrometers). The p mold GaN (Mg dope, 9x1 01 9cm - 3 or 0.5 
micrometers) contact layer 55 depositsrand lTO (indium tim oxide: indrum oxide tin) accumulates" 
as a p lateral electrode 160. As an n latieral electrode'170 Ti0.05/Pt The 0.05-micrometer - • 
cascade screen has accumulated. Here, as a p lateral electrode 160, metals, such as gold (Au) 
and nickel (nickel), may be thinly deposited so that translucency can be secured. 
[0054] Moreover, the golden (Au) bonding pads 180 and 190 are connected to the p lateral 
electrode 160 and the n lateral electrode 170, respectively. Furthermore, the front face of a 
component is covered with the protective coats 200, such as silicon oxide and silicon nitride. 
[0055] The light emitting diode of this example is the component of a field luminescence mold, 
and the light emitted from the barrier layer 53 can be taken out outside through the p lateral 
electrode 160. 

[0056] Generally, in the case of light emitting diode, as compared with the semiconductor laser 
mentioned above, the tolerance over the crystallinity of each class including a barrier layer is 
loose in many cases. Therefore, like this example, even if it forms component structure directly 
on the 1st buffer layer 12, it is possible to acquire a property good enough as compared with the 
former. That is, according to this example, the crystallinity of each semi-conductor layer formed 
on it can be made good enough by using the same thing as each example mentioned above as 
the 1st buffer layer 12. Luminous efficiency can be improved like each example mentioned above 
as the result, operating voltage and the operating current can fall, and the life of a component 
can also be developed. 

[0057] Furthermore, making light emit at high effectiveness conventionally uses difficult gallium 
nitride (GaN) for a barrier layer 53, and it becomes possible to make light emit at high 
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effectiveness of it. Luminescence wavelength shorter than before is obtained as that result, if 
wavelength conversion is carried out with the fluorescent. substance which does not illustrate 
luminescence of this short wavelength, it can cross to the wavelength field of infrared light, and 
the light of the wavelength of the arbitration chosen suitably can be taken out from a light field. 
[0058] Drawing 10 is an outline sectional view showing the electronic device concerning the 6th 
example of this invention. The electronic device of this drawing is a field-effect transistor using 
the SiC layer which grew epitaxially on silicon on sapphire, namely, a silicon-on-sapphire 11 top 
— as the 1st buffer layer 12 — an AIN layer (carbon concentration 1x1019cm-3 -1x1020cm-3 - 
-) An AIN single crystal layer (carbon concentration 5x1017cm-3 -5x1018cm-3, 0.1-10.0 
micrometers) and the SiC layer 41 are formed as lOnm - 500nm of thickness, and the 2nd buffer 
layer 13, and the n mold SiC (nitrogen dope) layer 41 is formed on it. Furthermore, the laminated 
structure of Ti (titanium) and aluminum (aluminum) accumulated as a gate electrode 130, and 
nickel (nickel) has accumulated as the source electrode 140 and a drain electrode 150, 
respectively. 

[0059] Conventionally in the epitaxially grown SiC layer, the hole called a "micro pipe" existed, 
and there was a problem that the semiconductor device of high performance was not obtained. 
On the other hand, according to this invention, as a result of having formed the peculiar buffer 
layers 12 and 13, the micro pipe was not generated in a SiC epitaxial layer, but the field-effect 
transistor which has a good property was able to be obtained. Moreovier, according to this 
invention, by using AIN of an insulator as an ingredient of buffer layers 12 and 13, the parasitic- 
capacitance of a field-effect transistor is reduced and high performance can be attained easily. 
[0060] In addition, it is NH3 as a raw material of N (nitrogen) which a liquefied petroleum gas. is 
introduced as a raw material of C, and about three cc/m of SiH4 gas is introduced as about ten 
cc/m and an Si raw material, and is the dopant of n mold further when growing up a SiC layer in 
this example. An n mold SiC layer can be grown up by adding gas. 

[0061] In the above, the gestalt of operation of this invention was explained, referring to an 
example. However, this invention is not limited to these examples. For example, what can be 
used as a substrate cannot be limited to sapphire or SiC which were mentioned above, in 
addition can use similarly conductive substrates, such as insulating substrates, such as a spinel, 
and MgO, ScAIMg04, LaSrGa04, O (AITa (LaSr))3, and Si. GaAs. GaN, and can acquire each 
effectiveness. Here, in the case of ScAIMg04 substrate, it is desirable to use a field in the case 
of a field (0001) and 0(AITa (LaSr))3 substrate (111). 

[0062] Moreover, the structure of a semiconductor device can also make a selection change 
suitably according to the application, and, in such a case,'the same effectiveness" can be~ • ' ' " " 
acquired similarly with the application of this invention. r . . . .. 

[0063] 

[Effect of the Invention] While according to this invention being able to achieve low defect- 
ization and controlling generating of a crack by forming on a substrate the 1st buffer layer and 
the 2nd high grade buffer layer which have high carbon concentration, and growing up a nitride 
semi-conductor and a SiC layer, improvement in the rate of acceptor activation or the luminous 
efficiency of a luminous layer can be aimed at, and properties, such as semiconductor laser, 
improve. 

[0064] Furthermore, even if it grows up component structure by the high V/III ratio, it is lost 
that abnormality growth arises, and the crystal of high quality can be obtained easily 
conventionally. 
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* NOTICES + 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the important section outline sectional view which explains the semiconductor 
device of this invention notionally. 

[Drawing 2 ] It is the high-impurity-concentration profile Fig. obtained according to secondary ion 
mass spectrometry in the wafer with which the good result was obtained. 
[Drawing 3] It is a graphical representation showing the relation between the carbon 
concentration of a high concentration carbon content layer, i.e., the 1st buffer layer, and the pit 
consistency observed on the front face of a buffer layer. 

[Drawing 4] It is a graphical representation showing the relation between the thickness of a high 
concentration carbon content layer, i.e., the 1st buffer layer, and the pit consistency observed 
on an AIN buffer layer front face. 

[Drawing 5] It is an outline sectional view showing the blue laser diode by this invention. 
[Drawing 6] It is an outline sectional view showing the semiconductor laser diode concerning the 
2nd example of this invention. 

[Drawin g 7] It is an outline sectional view showing the semiconductor laser concerning the 3rd 
example of this invention. 

[Drawing 8] It is an outline sectional view showing the semiconductor laser concerning the 4th 
example of this invention. 

[Drawin g 9] It is an outline sectional view showing the light emitting diode concerning the 5th 
example of this invention. 

[Drawing 10] It is an outline sectional view showing the electronic device concerning the 6th 

example of this invention. » 

[Description of Notations] 
111V Substrate 

12 1st Buffer Layer 

1 3 2nd Buffer Layer 

14 21 Component structure 

31 Grid Relaxation Layer 

32 51 Contact layer 

33 52 Cladding layer 

34 Guide Layer 

35 53 Barrier layer 

36 Guide Layer 

37 54 Cladding layer 

38 Middle Contact Layer 

39 Current Blocking Layer 

40 55 Contact layer 

41 SiC Layer 
110-170 Electrode 
180 190 Electrode pad 
200 Protective Coat 
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* NOTICES * 
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DRAWINGS 



[Drawing 1] 




[Drawing 2] 
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[Drawing 6] 
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[00261 w^ma. z<7)Xo ^mmm(r>^^mm 
iwmmzmxi-htzifyiz^ /< vyrmco&Mnm<r)m 
^iastv/iii itti:m^izmt^itxmfikt:B^m. 

Ltz. 

[ 0 0 2 7 J ia2{±. Aif^Sr^md^tf^.aJtt^x-^M: 

a^n-cv^i.. mmt^h. sffittifiic^^?iiJK3x i o 

>9 c m-3 , »S 2 0 n mOaiSS^-^We^W? 
fc . i<^K«JS^*WiSA^ 0 1 ic* 

-!-<0±Cm$flfc«#ziljS*^*<72 X 1 0'8 c m-3 tc 
^KTLT^^I)S^•^^•*^l (b) r|g2tfOyN'-7 7T®l 

3 J i,zw^-thij<r>X'hh. dfL^omsSa^aatt-i-^r? 

tlTl^&^ti, M-fbii^J^ftii^MOCVD (Metal- 
Organic Chemical Vapor Deposition) St^J: OfiSt^S"^ 

hmiiz. ^i,z. \\\mjtm<r>wmx'hh^m.^w,t^i:>i& 

[00281 fl!l(?)0*L'3:V^a!l^St> 0Hi:T^)-«f 

Jll 2 J £0*SiilK*nx 1 0i8A»f>3x 1 O20cm-3 
il;?*^5 n mt^iy 5 0 n m<7)|gISIfiOli-^tc:^»^r* 

[00 2 9l^^lc:, >'<-y7r/lti-^^$ix^*^ 
(H) coiftS(2ov>Ttl§'<.iti;^-5), ll2tc^L/::^ 

X <^hflf:iV'^t. •? . ^S^^ 1 1 Jtt'fK- 

W^t.fih^ifhhZhii^ir>1)-'>tz, ZixXt. Ill 

■r^^^b^Kfg (CH,) *<iea4>tcSX'9ji^ixi./itf5-C 

[00301 2|sj%BflcOiS?aJK^^^*«^^4^*> >" II 1 
WN'-y 7 rSj fi!*J: 0 t,:^^ilc-(KvW/IIIitt' 
ttm^ix-S. ^J;i(f. taa^coMOCVDa<cJ:S>'N'-y7 
r JitfOASW^r v/UI ittl. G a A s "C- 1 0 OlJLh. 
GaNT 1 0 0 OJiLh. A 1 NTt 1 0 OOULhT-fto 
. dfltCj^ LT , *5|BJOSI 1 CO^' N' y 7 r ilcOltm 
<0V/lIIltt4. 0. T-SOSST-ftO. fi!3fti:ltK 

0 5 0-1 250-CrJ)0. fi!3R«01 300*CHfrflfckJt 

[ 0 0 3 1 1 @3{4. 7SmSiSm%^m^^^ir>*>W. 1 CO 

y^ vhm^t(rm{n^i:^-tyyy^x'hh. -r^sJb-h, 



mi ( a) (C^tTti 3^2;iO^< y7T;iSrA 1 N$: 

ffl^^T«i«u. ^(rmmx-mm^ixh^^yv^f^imm 

•&t,2 0nmt L7t. |5)iaA^t>. pt^lKA^'3 x 1 O'S 
*»^5 3X 1 02»cm-3<0KHtc$)^i:^tct°-y h^g*< 

0'9*»'?> 1X1 0»»cm-3<0^tcS>&i:l'Wi. t y 

h^gj&ti 0^ cm-^±X'i^mz^ny^x^^h:LiLifi^ 
[00321 ^tz. ia4«. ^iiJS«3g-&*®-r5ri5^ 

mi<7)y<-y 7r)lWSSi;A 1 N>'N'y 7r«^MT-1Ha!l 
$ix?,tf y N?&StODTOfS$:*-r;?'77l2T'ft?.. .1.1 

X 1 o»8 c m-3 fc Lit. Pi0*»^>. Wi^mm^-^m<7) 

eJ¥*>*^5-5 0 nnr^^O^Hl*l^^fcV^Ttr-y 1 

xio«cm-2 i:XT^zm<m\t^z.bifVt. 

fc, 10~3 0nmcOi:#tc{4eyh?gjK$:lxl03 

cm- 2 ^X'i^mz^mx-^h:itt^^t^h. 
(00331 \i}±m?n Ltzx 0 tc. ^%mzn\.^xm^z 

1 WN'-/7r/icO0$3gSUS«41 X 1 Oi9*^A> 1 X 1 02° 
cm-3, Jl:?til 0 nm3&^<i>3 0 nmtOiEHTftO. .1 
c01§iilig4SSS-&^r«*>^>attt6l=:tJ!-oT 2 0 0 nmJjll*! 

iz^mz^mmmf3mT-r^ x o ^mm^^^^hm 

[0034 1 Hlt^M-^TgiBJT'g.i:, ( a ) iZ^ 

i.fzXo^j:mmti^ztii,zhtz6. -15. i^wm<^^^ 

i,zxmi. |3]|1( b ) ic^L/jiJ; die. HI cO^ISfiVN- 
;/ 7 r Ji 1 2 <r>±.\,zm=?-Wk^W&W^^LX t^V^*!-^ 
tftS-.2 t ij^M^-ifz. -t^h-h-mm-Ua. ) l,Z-^l;fz " 
||2cOVN' y 7 re 1 -3 $:i5{f & r'tlc J: OT-^^cO^m- 
ft^Hi-^S'ft^^^ficcOrfi.SSr $ h^ziHm'ttZb-i}<X' 

V^aMcOSS^a^^'St-r-S^t-ti, |g2C0>'N' y7rfl 
1 3S:i5(tl>C:t*»'ia*LV^. L*>L. ^^'f^r-K 
( L E D ) <0 J: 3 tc^o^8<0^!,®*>'iSJS{c53< 

<0*5-^lC{4. |g2c73>'N' y7r;il 3 ^IStt^tcmKO^N' 

•y 7 r m(r>±i,zm'?-m^i:m.mm!& lx t 

(00351 WT. 0ffi«:#»aL-OO> 2|s:|6HB<OllJfiM 

jt- vi:mi-immmmx'S>i> . -r^jtib^? , isiiac^it^ 

•y 7 rffl 1 2 t LT A 1 NmiSfail 1X10 
"cm-s — lxiO20cm-3 , ^IIElOnm— 500 
nm) , m2(^/<yyrmi 3tLXA 1 N*jSa® 
{0tf^S^5x 1 0'7 cm-3 — 5 X 1 0'8 cnn-3 , 
0. 1 — 10. Oum) . GaN^fc(4Ga A 1 N*^^> 
^ht&^S^mS I (0. 0 2 — 0. 3wrn, A 1 fflfiS: 
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5%^m) . nSA lo.o5Ga«.95N3y^'i7hji32 
(Si. Sei7t{iSK-7\ ^JiEtKgK2x 1 0'8 — 
3X 1 0i9cm-3, SJf l — S/xm) . n^A 1 o. 3 G 
ao.9 N^5yK«3 3 (Si, S e i/ctiS H-r, 
5X 1 0i7~3X 1 0'8cm-3, 0. 3~1. 2u 
m) . GaNlgl*;^'-^ H;i3 4 (0. 0 5--0. 2ju 
m) . Gai-X I nXNJgtt®3 5 ( 1~1 Onm) , 
GaN|^25t*M KJ13 6 (0. 0 5~0. 2um) . 
pfflAlo.i Gao.9 N^7yKJ137 (MgH-r. 
5X 1 0'8~l X 1 O^'citi-s. 0. 3—0. 7// 
m) , pSGaNtt»ia3y^^'h^38 (MgH-r. 
5X 1 018— i.x 1 O^Ocm-a, q. 05 — 0. 1 ;u 
m) . A^JBiXiSH-'biX-CV^S. -g-LT, «i*^'2-~-5 jum 

0.2 Gao.5 N (S i F— 7*. 5X1 0>*cm-3, 0. 

K*f®Jffll$iXl.. ^'c.tc, pffiGaN (MgH-r. 9 
X 1 019 cm-3, 0. 5jum) nv-^i? h^4 0*->'tta 
$iX, pffilWSl 1 OfcLT (Pd 0. 0 5Atm/P 
t 0 . 0 5A«m/Au 1 . O/xm) i;t«±N i 
^$*l-C»-^a. nSA lo.obGao.96N3>'^':J'b®{^ 
{infflim«gl 2 0 (Ti 0. 05/Pt 0. 05/x 
m/Au 1. 0xxmll^>;{iA I 1. 0^tm)*<IS* 

[ 0 0 3 6 1 <^:tc, ^mm(^'mi¥i^—i'<7)mm.:fjm 

tcov^XlKHJ-ri.. #^^(4:iHi, iSffiMOCVDiSa 

yi<.m^m^2 0 1 ( 'J y i?- ) aS^A LT^jC'^t^cO 

lC««SbTRfE®l*l$-J«ff b~ I*JSS<0JE:>3S: 5 0-1 5 
0 ro r rcO^lltClg^S. ■9-:7r-f'T«1SI l ±l>Z- 
A 1 NA.x7T;i2r^;ft-r4*I^Wi. 1 1 

0 5 0—1 25 0-C<7)^}gjeT'H 2 ;<?XCO-gS$: N H 

3 A'x(,z^f)mti>tmz^ A I (r;i'5;^'>ju) coim. 

mtVXmHiAl (CH3 )3 3>2.V^{iAl (C 
2H5) 3 ^j:i:<7)^\mmi:mALXmi<r)SM^§,A 1 N 

■/ 7 r« 1 2 5- 5 n m*»(?> 5 0 n m<0«J?tCJt«-r 
-g.. 

[0037] oV^T^ »«ffiJS€r 1 2 5 0- 1 3 5 OX: 

izmsit. m2<7)/<yyTmi 3t lta i n/isto. 

too 381 miOA 1 N/N'y 7r/il 2C0^ 

& -^^ ;i I. V sm^ tin mKmcomi^ 

tiV/III JtSrO. 7 — 5 0cOKffll*^h•r^^i:*^':^^S 



1 ibJM. 2-4. OtfOiiffll*ltcSi]tJ)-r-l.:: tA^^L 

A I NyN' y7rBl 2$-l5(tSC: ttcJ:'). iO*^-:^ 
««**?#f>ilS. —:fT. |g2cO/N' y7Tiil 3<0fiE«fc: 
^LTJi. V/IIIit^rSitl O0J^LhtiSv^Jt^^c■r 

UT t V/1 1 1 it?r» 1 0 0 IJLh 1 3SV ^Jrt^tc-r 

[00 39 1 l^2c7>yN'-y7rJll 3 SrliJcft^-itJt^. S 
RrSiSSrSt^ 1 10 0 — 120 O'CtcfflcT^-lirT , r/r 

^^RGa^k-^ife/^txJi'Ga ( C ) 3 #>*(.HiG 
a (CzHj) 3 . n^ti-^Jti:;?.^ I n (C 

H3 )3 n (CjHs) 3 . \^-\iy^mmm 

t LTtinSfflt LT S iTKS-fb^^OJtt ;ttf S i H4 & 
&v^{i*fi5^ms i^b-^!ti:;t«f S i (GHs ), . 
pMffli:LT^^SMg>fL^^i:i.<fCP2 Mg 

2 Mg5-ffiffl-r-&. pSK->'N*>'h«OvStt-fk*$:^>tfi. 

Tii . mi<^^<yyrmi2 m\-(r>^m^j^ ^ ^ V/I I 
I itrx'^^-thzb izx o^M^f-m.^mm-thzt 

1=1., ^i^t, litmiiii^t^tix^^tzm&mizim-r 

[00401 :^mmmizti\,^xii. Rjstt^ itv-x y ^ 

y^''tlT^-t>-g?$-JfML/if*> AI0.2 Gao.8 N^ift 
ffiihJiSQ^II^^ftL, pMGaN^'fel^i'^J'i? b«3 

8*>^ai-r-i>i^-cgi)g-r-?>. $'?>tc, pSGaw (wg 

K-T*, 9 X 1 0 '^ c ni-3v 0 . -5-um ) -3>.:S^-^ hm~ 

40ti&^-t^ztizX<Oi^^^titv ■ • - - • = 
[004 1 1 pmoaU'pm^yi'i^ hmssii^^m 
xmeowi^^mi,zmmt:umti>mi^:mti lxh *) , 
^^■y KJi t cr>^mti'jiimizmtxmc.^iti:m'^Mz 

ni/^yyrmk m^wtb(m<rf^?mizx ^m:^ 

t,zliM<Xi,X^-^. 

[00421 :$immmi,zxtx.i£. iAmcr,m&$:^-t^m 

I<0A./7t®1 2t^2<0>"C.x7rJil 3i:$rl5ftS 

*)ii:k®(,zeSLmi-^'itti<x^^. ir^j:h*>, zixh<7i 
-'N' y^re^-iSttS^itcAO. S^«li§5:fl9JRf S« 
J; 0 1 % V/1 1 1 JtT^:^ LT 

SC:i:*«T'^/L% 

[00431 m(*Wtc«i, ^Sttil 3 50i%3t^^$rfie* 
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NB4 0«OM^Btt*^'K»$ix. SjfiScT) 
S)^7^>ra6tC. GaAs^I n P^aflxt 

iB*i2~3 . 5 s ifx3><nm-^t:mizmfi>t. a i n 

t-rst. rjeO J J&'it. 1 0 5^'oylJiLhTlilSS? 

Kc^t>ixm***-ri.<«(^*^^'^iT.^^. Ai 

±{CJg«-ri.n)ll«ffimffl<?)nSGaNS{i;, S^ti 

i)^hh¥. ^^mizxtiis. mshmcr>A i NJ<-/y rm 

[ 0 0 4 5 ]-5S:*J, 2|s:||Slfl?i|lctJVvT-(S;-:Av 7 r " 
2 1 3i; tXiiA 1 NJg^rfflV^/::*^'/ "Cicofti:)'? tCA 
1 ffl^J&«80%J.:l±cOA 1 GaN2rfflV^Tt>J;<. mm 
COtm^trnX'^^, L*>L. ^iOJ^(iA 1 Ni:it« 

[ 0 0 4 6 ] 0614, :^^mcom2cr>^mmi>zf}^*^^^ 

mii. mm(r)mim^mtmi&.LtzmfS.^mi'i><^x\ 
m-<r>sii^izitm-<r)Vf^i:H Lxmm^mmi'^^-r 

[004 7] *3lfit0l|<O#SS«. vSli^SS' iL-CG 

«flil lOi:W&im.^^X\^h^SZhh. 
[00 4 8] ^liO>'N'y7TSl 2i: 

W,2<r>J'^'yyrm 1 3t$riStt^>ri:lcJ:0, 
iOJSai4Sr:*^lilctt#-r - t ifX'^ h «0T, tsfJftSil 
t $nTV^/ciSift«tOGaNSrvSttJli; L.-CfflV'>l> C: t 

[0 04 9] t.ti. mmz^ '^fSiZiyS'9hm3 9<Dl& 



fiO±ica>'^'^h®Srlftttl.::fc^<. pfflimsiio 

[ 0 0 5 0 ] ii7{±, ^wmw,3<nmmmi.z-h^i)^h^ 
m^\^-^i:^-tm&mmmx'h h . 
[0051 ] i.tz. ii8{4, ^%m<rm4:<nmws\vzij> 
i}^h^w\^-^^^'tm&^Mmx-hh , :ifih<r>m 
tm\i, WRtLxs ic {mv^')^» s^i 1' 

<7) (1 1 1 ) S \ m<r)±.\,Z/<. yyrm \ 2^J4t«»i:-r 

»-r-ft 6<7)T\ mm<^w>wz\im-<r)m'^$:^ Lxtm 

[0052] c:*i<i>«^]!ifiM(c*3 %i.mf< yyr 
m\2 tm2/<:y 7 rJl 1 3 Sr-e-iX^ISft/^C: fctC A 

0, JS'lte3 5^3y^'i7hS<0lSSttS:«»U. Sgl 
||||^H'M2»56W=raLTmiKgL7tcOi:iiI«t:. SBte 

[ 0 0 5 3 ] 139 {4, :*:5&B^cOl^5c7)5|t$01J{::*^*>^% 

^y^yt-\^?:m-tmmmmmx'hh. -t^jrhh, mm 
cn^y^ H{4, -y-:? r T»K 1 1 o c m±<izm 

inJ<'yyTmi2tLXA 1 N® {^SJgfflJgl X 1 0 
i9cm-3 — 1 X 1 O^Ocm-3 , MW-l Onm— 5 0 0 
nm) , nSAlo.osGao.asNny^'r^h^Sl (S 

1, Se^7tl4Sb'-r. ^F*e!t?»me2Xl 0'8~3X 
10'9cm-3, llJfl— 5;um) . nMA 1 o. 3 Ga 
0.9 N^7yKJS5 3 (Si, Sei/S(4SH-7\ 5 
X 1 0i^~3X 1 Oi8cin-3, 0. 3~1. 2jum) . 
G ai- X-I n X NJStt® 5 4 (1 — 10 n m ) - • At 
1 0. 1 Gao. V 'v 5' (M s K-T"; " 5X l-- 
0»8~1 X 1 02«cm-3, 0. 3—0. 7Mm) , pM 
GaN (MgH-r, 9xl0'acm-3, 0. Sum) 
a>':7 7ba5 5*<tfim$ix, p ffilimii 1 6 0 t I 
TO (indiiuB tim oxide : iStit^ y=J^J^-t-t) 

nUmfiil TOiLT. Ti 0. 05/Pt 

0. 0 5Mm<7)nmmtmm^tix\,^h. icit-, pm 

mffil 6 0 t LT{4, ^ ( Au ) ^r^'y>-;P (N i ) ^ 

[00 54] i/;:, pfll^lSl 6 0fcnlB!imflil TOtC 
<4, -eix-f tlife ( A u ) coTf^y^' -f V-^^ • -y K 1 8 
0. 1 9 0*««i^$ixTl^S. $ (?>t=. 5g^<oaffi{±. 
miti- 'J n ^^a-fti' D a yti if <0»aiS2 0 0 J: 0 

[0055] ^nwjcofiTfer'f ^r- ffiifciiaaco 

1 6 0 Srtft- L-C^'hSSlcJR 0 fiJ^^ t A^'f^ & , 
[0056] -mz, mt^^ ^- HOli^t3<4. H?ji 



(7)ra2000-315S8(P2000-31588A) 



CcJ:ilti\ IS 1 7 r« 1 2 1 L-CI?^L3t«-IISfe 

too 57] fi!*{4. ;sv'.j*^T'%3t$-y-^:: 

fc *>'fflliT'fc-??t . S-fbX?"U A ( G a N ) SrvSttJl 5 

[ 0 0 5 8 ] HI Ot±. 2|si%B3(75|g6<73SISfi01JlZ*'*»6 
-9-7 T >f TiSRitxtf ^'df L^: S i C JBS: 

mWiX.tzm.mn^vvWT.^x-hh, -rtch-h. -^7 
T'f r««i i^o±tc. mi<r)^<-/yrmi 2t lta 

I NS (^5^S1X 1 0»9cm-3 ~1 X 1 020 cm 

-3 . aif 1 0 nm— 5 0 0 nm) . IS2 Ws'.y rJf 
1 3fc LTA 1 N*iga@ (iK3g?SS5xl 0i7cm-3 
~5xl0»8cm-3 . 0. 1 — 10. Oum) . . S 
iC®4 ^£0±tCnMS iC (g^K- 

7-) ii4 i*<jefiS^ixT^^&. ^^,1^, y-hmffii3 
m i 5 O b vx^tL^tc-v^fi' ( N i t^mm^tix 

{cfcv^T«4, r-e-f ^'o^'nM 7"j tD?(fii^5t*^#ft 

tc, ZtHzMLX. *iS|ajlcJ:n»J\ im<0/^-yyrm 
12. 1 3Srlft»tfeite«i:Lt:. S i Cxt^df-v-^/U 
JI{C-?^^'o>'NM7-(4^ii:-r- ftST^itttSr^r-rsm 

(ciixtf. >'N'«y7rJgl 2. 1 3cr)$imbLXtimm(D 
A 1 NSrfflV^|,^ tllj: 0. V- 7 >" iJ'iOS 

[ 0 0 6 0 1 *ies«CTci5v^-r s i cm^m^T 

&m-^i,zii, c<r)mmbLxraj'<>':^'x^m^ioc 
cmm, siiKmbLxsiH,^'x^m»3ccm^ 

SAL, $<bl=nS£OH-/N'>'hT*)&N (Sfg) iOS 
^i:LTNH3 /fXirmxtthZbizJ:*). nS!SiC 
m?:&^'r^Zbt^T^&. 

t 0 0 6 1 1 ia±, *«J0ll^#BgLoo:tc^aH<O||fifi<7) 



mtzm^^ix^i>cr)xu^j:\\ mtii. smtLxm^^ 

:hZbi}''X'^hi,<r>iim^Lrz^yT4T^S i cizm 

cAlMgO, , LaSrGaO,, (LaSr) (Al 
T a.) b'COt^mtmi'^. Si. GaAs. Ga 

N ^: b'(omm^muhmmi,zm^ ^x ■5■^^-ri^6o^»»srf§ 

hZbi/^X'%^, :iZX\ Sc A 1 MgO,S:^tf^J^ 
IC14. (000 1 )W. (LaSr) (AlTa)03 
mi<7>^(,Z<,± (111) H-^ 
( 0 0 6 2 ] ^a?<*3g-?^7):^jtt>'eiOfflji(CJEi5U 
TSS^lKSM-r d b t<^mX'h 0 . -eco J: 3 ^J^-^ 

i>zii\,^xL:^^BfiimmizmmLxmm<^^^^n&z 

biJ^X'^i,. 
[00 63] 

1 <0-'N'<7 7 r Si:lg2<7)S*fi«ys'-y 7 rS t 

m&L. m-im^mii^'^s i cm?:f&M:-thzb^zx 
i}<m-tm^mt^u-:^r^b'(^^-i)m±-r?> . 

[0 0 64] $<i>tc:. i«i,W/IIIJtT'^^|fBti&fi£* 

^itxi,m^f&^ti^±-r^zbi}m<^£*). 

[lll®<7)^#^:IKBfl] 

[01 ] :^mm^im'Fim^mzmfi^-ti>w^m 
v^mwrnx-hi. 

[02] ftif^^W^f^ixfo'^xwMciJV^T-J^-f 

[03 ] ■mmmmmif^m-f^hhmi<^^-i^yyrm<^ 
mmm&bJ^yy rmcrtmrnnzmm^ti^ v -K^JKi: - 

[ 04 ] ^««^Sg#WJS-r=Sri>i^lR 1 >y 7 r Ji<^ 
ant A 1 NM'-y7r®affiT'«aS$ixl.t^-/h?5«i: 

[05 ] 3t:^Bgicj: swfeu— if r-f K ^mrwik 
^mmx'hh, 

[06 ] 2t:^Bflc7)||2 cOllttf5<]tcA»*^-S.^flsW— !f:5^ 
[07 ] 3|£||aH<om3<7)||S6fla|lcA>*>|,if£«it:P— If?: 

m-mmimmvhh. 

[08 ] 2|s^BHc7)|g4 cO|«ife^l(cA>*>&^{4f^— !f Sr 

[09] *:^HHcom 5 <^l?tft0l|(C*»*»S%3t ^J^'f K 
^*-r»EBf&BJTE0T'*>i.. 

[010] *%BJO|g6co*JI|fi»jCA-*-|,m^^«-?«r« 

(^9F#«oiJiBfl] 
1 1 - 1 1 • mm. 
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1 2 


^ 1 ^0>'^' •y 7 r!§ 


3 7.54 ^vvVm 


1 3 


t^2<r>^< y 7 r Ji 


38 ^l^ny^'^^h^ 


14. 


2 1 ^i^fiSiS^J 


3 9 mgsHita 


3 1 




40, 55 a^^^'^h® 


32. 


51 ^'y-Sf'y'hm 


4 1 S i CJl 


33. 


5 2 ^ 7 y H« 


1 1 0~1 7 0 ®S 


34 




180. 190 «Ss^N'-y H 


3 5. 


5 3 vSttS 


2 00 ilkmSSk 


36 
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110^ 
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CA34 CA57 CA58 
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